Abstract. The oscillatory heating in a microchannel is investigated on the basis of linear kinetic theory. In particular, the linearized unsteady Shakhov kinetic model, subject to Maxwell boundary conditions is numerically solved in a fully deterministic manner based on finite differencing scheme in the physical space and in the discrete velocity method in the molecular velocity space. The solution of the problem is determined by two parameters: the Knudsen number and the ratio of the intermolecular collision frequency over the oscillation frequency. The numerical calculations are carried out for a wide range of both parameters and results are presented for the amplitude and the phase of all macroscopic quantities of physical interest.
Introduction
Recent interest in investigating unsteady heating processes in rarefied gases is motivated by their applications in several fields including micro-electromechanical systems, microelectronics and laser industry. Time dependent heat transfer configurations are common in gaseous micro devices and may be produced by time dependent boundary cooling or/and heating.
A transient flow of a gas caused by a sudden change in the boundary temperature, which is the counterpart of the periodic time-dependent problem, is a type of basic problem of a rarefied gas flow [1] . Recently in [2] the transient heat transfer in a gas confined in a small-scale slab due to the instantaneous change of a wall temperature has been investigated. In this work semi-analytical approaches have been applied in the free molecular and hydrodynamic limits, while the DSMC method has been used in the transition regime.
The correct description of heat flow through a rarefied gas for arbitrary rarefaction (the ratio of a characteristic length of the flow to the molecular mean free path, i.e. it is inversely proportional to the Knudsen number) and oscillation speed (the ratio of the collision frequency to the frequency of the temperature on the plate) is very important in many field including micro-electromechanical systems, microelectronics and laser industry. Current interest in analyzing unsteady heating processes is motivated by the common occurrence of time-varying boundary temperatures in a wide scope of microelectromechanical and nanoelectromechanical applications, ranging from microprocessor chip heating [3] to ultrafast temperature variations encounted in the laser industry [4] [5] . The oscillatory heating in a microchannel has been recently investigated by the low-variance deviational simulation Monte Carlo method motion for an arbitrary time variation of the boundary temperature [6] [7] . Periodic time-dependent behaviour of a rarefied gas between two parallel planes caused by an 1 oscillatory heating of one plane has been numerically studied based on the linearized Boltzmann equation for a hard-sphere molecular gas [8] .
In the present study, an analysis of the oscillatory heating of a rarefied gas confined between two parallel plates is based on linear kinetic theory. The implementation of a kinetic solution provides reliable results in the whole range of the Knudsen number with modest computational effort. In particular, the time dependent heat transfer is modelled by the linearized nonstationary kinetic equation, subject to Maxwell purely diffuse boundary conditions. The Shakhov model of the Boltzmann equation is chosen as the most appropriate one because it provides the correct Prandtl number so that both viscosity and thermal conductivity are taken into account in the solution of the kinetic equation. The solution of the problem is determined by two parameters: the Knudsen number and the ratio of the intermolecular collision frequency over the oscillation frequency. It is assumed that the oscillation is fully established and the dependence of the solution on the time is harmonic, while its dependence on the spatial coordinate will be obtained numerically.
The numerical solution of the problem is fully deterministic and based on finite differencing scheme in the physical space and in the discrete velocity method in the molecular velocity space. The aim of the present work is to calculate the heat flow induced by oscillatory heating of one of the parallel plates over a wide range of both parameters. Results will be presented for the amplitude and the phase of all macroscopic quantities of physical interest.
Statement of the problem
A monoatomic gas is considered to be confined between two infinite parallel plates located at 0 y  and yL   . The plate placed at 0 y  is heated with the wall temperature oscillating harmonically, while the temperature of the second plate is kept constant and equal to the ambient temperature The solution of the problem is determined by two parameters. The first one is the gas rarefaction defined as the ratio of a characteristic length of the flow to the molecular mean free path, i.e. it is inversely proportional to the Knudsen number: is the most probable molecular velocity, with R denoting the gas constant. The second parameter characterizes the Now it is convenient to introduce the dimensionless coordinate, distance and time
The macroscopic quantities (2.2)-(2.5) are also written in the dimensionless form as
,.
Since these quantities are complex, they can be written as 
Kinetic equation
In order to consider arbitrary values of the both parameters the problem must be solved on the basis of the nonstationary Boltzmann equation. By considering a limited temperature difference between the plates according to 0 w TT  , the heat flow is modelled by the unsteady linearized Shakhov model equation [9] [10] . By assuming an oscillatory behaviour of the distribution function and following a typical procedure [11] two coupled integrodifferential equations describing the problem are:
  The interaction between the particles and the walls is modelled according to Maxwell purely diffuse boundary conditions, which are written for the outgoing distributions at the walls as   
Numerical scheme
To reduce the number of the velocity nodes the complex perturbation functions   The governing equations (4.12) and (4.13) subject to the boundary conditions (4.14-4.15) are solved numerically in the whole range of the rarefaction δ and oscillation speed θ parameters. The computational scheme is fully deterministic and all spaces are accordingly discretized. In particular, the discretization in the molecular velocity space is performed by using the discrete velocity method. The continuum spectrum is substituted by a discrete set of velocities
, which are taken to be the roots of the Legendre polynomial, with M denoting the degree of the polynomial, accordingly mapped into the interval of interest. The physical space is divided into I segments and it is consisting of 1, 2,... 1 iI  nodes, while the discretization is performed by a second order central difference scheme.
The discretized set of equations (4.12-4.13) is solved for each molecular velocity marching through the physical space, while the macroscopic quantities defined by equations 
Results
The amplitudes in Table 1 ) due to the small number of collisions there is a very small variation of the heat flux between the plates. For comparison purposes, in the last column of Table 1 the values of the heat flux are presented for the case of stationary heat flow between two plates (θ = ). Table 2 . Phase of the heat flux vs. δ and θ at y = 0 and y = L.
0 In Table 2 at any value of δ the phase    are shown. As it was expected for the large value of θ, where the heat flow tends to the stationary behaviour, the phases of the bulk velocity vary weakly. At θ = 10 they are nearly constant, while the amplitude is equal to zero, what is practically corresponds to the stationary heat flow between plates. Compared to the phases of the heat fluxes and temperature at θ = 10, the phase of the bulk velocity is much more far from zero.
The behaviour of the density distribution ( Figure 4 ) is quite different from those for the bulk velocity, temperature and the heat flux. The density waves propagate and reflect off the other plate at y = L, and forward and backward waves are superimposed. It also causes and defines the bulk velocity distribution profiles. It is noted that the distribution of the number density at any moment obeys the mass conservation law, which implies that the integral of the perturbed density between the plates is zero.
Conclusion
The oscillatory heat flow of a rarefied gas contained between two parallel plates has been investigated on the basis of the linearized unsteady Shakhov kinetic model, subject to Maxwell diffuse boundary conditions. The kinetic equation has been solved numerically in a fully deterministic manner based on finite differencing scheme in the physical space and on the discrete velocity method in the molecular velocity space. Numerical calculations have been carried out for a wide range of the rarefaction parameter and for typical small, moderate and large values of the oscillation speed. Results are presented for the amplitude and the phase of all macroscopic quantities of physical interest in graphical and tabulated forms. Both the amplitude and the phase of all macroscopic quantities strongly depend on the two main parameters (δ, θ) and their dependency is further increased as the gas rarefaction is decreased and as the oscillation speed is increased. When the oscillation speed parameter tends to infinity the flow field correspond to that for the steady flow. Tabulated results for the amplitude of the heat flux has been compared with the results available in the literature and very good agreement has been found. 
